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© Fastener tester. 

© A fastener tester for testing fasteners for securing a 
plurality of workpieces together with such fasteners includ- 
ing a pin member having an elongated shank with the 
fastener tester including a pair of relatively movable mem- 
bers adapted to have a fastener installed thereto and 
operatively associated with a load cell whereby installation 
loads and final clamp load or preload can be measured and 
subsequently the same fastener can be subjected to a tensile 
test 8nd the resultant tensile loads measured. 




• - 1 - 



0^£3002 



The present invention relates to apparatus for 
testing fasteners and more particularly to apparatus for 
simply and quickly testing the installation load, clamp 
load, tensile load and other characteristics of a fastener, 
5 The present apparatus is directed towards the 

testing of fasteners such as swage type lockbolts, threaded 
fasteners, blind fasteners, rivets and the like which can 
be installed in various ways such as torque, pull or 
squeeze . 

D In designing and evaluating fastening systems it 

is desirable to determine the loads on the fastened joint 
such as the peak installation load and the retained clamp 
load or preload. It is also desirable to be able to 
determine the tensile load characteristics of the fastener, 

5 i.e. the axial or tension load at which the fastener fails. 
In the past it has been common to conduct some of the above tests 
separately on different fasteners and on different test 
equipment. Thus one group of a particular fastener design 
would be tested to determine clamp or preload. In the 

0 case of a swage type lockbolt this might involve slowly 

swaging the collar to a pin with a tensile/compression test 
machine; after determining the installation load, the 
collar would be cut off to free the equipment to test the 
next fastener. To determine the clamp or pre-load and the 

5 tension load characteristics of that particular fastener, 
another group of fasteners would be applied to test plates 
which would have a special sheet metal paddle between the 
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plates. These test plates would then be slowly pulled 
apart under measured loads to determine when the interfaced 
sheet metal paddle could be moved with an imposed side 
load of a specified amount on an extended lever on the 
paddle. Pull apart load at the point of paddle movement 
is clamp load. Pull apart loads are then continued until 
fastener failure to define tensile capability. 

General examples of various types of fasteners 
which can be tested with the noted fastener tester are 
illustrated in the patents to Huck No. 2,531,048 issued 
November 21 , 1950* Wing, No. 2,940,495 issued June 14, 1960; 
Grloff, No. 3,421,562 issued January 14, 1969; Reynolds, 
No. 3,464,472 issued Sept, 2, 1969; Ruhl and Dixon, No. 
4,250,733 issued February 17, 1981; and Ruhl, No. RE30,445 
issued December 16, 1980. 

In the present invention, the fastener tester 
can provide all of the above noted information on a single 
fastener with only one set up required. The result is a 
more rapid means of securing the values of installation 
clamp or preload and tension load characteristics and, 
because all loads are measured from the same fastener, 
the resultant information is more accurate and more com- 
prehensive. Further, the method used previously to 
determine installation loads had to be done slowly tc 
avoid over swaging of a swaged collar type fastener. This 
is not fully representative of the true speed at which a 
collar is normally installed and would result in inaccurate 
and even misleading results. In addition, the paddle 
system for determining clamp or pre-load defined in various 
specifications can produce inaccurate results since it is 
dependent on such factors as frictional coefficients, 
flatness, plate bending and operator skill. The fastener 
tester described herein has none of these problems and hence 
provides more accurate test information. 

As will be seen the fastener tester is versatile 
and has other test capabilites. 



Therefore 




to provide a new and unique fastener tester which can 
rapidly and readily provide indications of the magnitudes 
of installation load, final clamp load or preload and 
tension load characteristics of a fastener. 

It is another general object to provide an improved 
fastener tester. 

Other objects, features, and advantages of the 
present invention will become apparent from the subsequent 
description and the appended claims, taken in conjunction 
with the accompanying drawings, in which: 

Figure 1 is a partly schematic diagram of the 
fastener tester of the present invention with some components 
representatively shown in an elevational, sectional view; 

Figure 2 is a view of a portion of the fastener 
tester of Figure 1 modified to include an alternate form 
of load control; and 

Figure 3 is a partly schematic diagram of a 
modified form of the fastener tester of the present inven- 
tion to provide an alternative means of providing hydraulic 
power and adjustment for fastener length with some com- 
ponents shown representatively in an elevational, sectional 



includes a hydraulically actuated load cell assembly 10, 
a hydraulic power supply 12 and a signal display system 
14, all of which are shown in schematic or representative 
form. 



and a hydraulic piston 18 having a piston head 20 adapted 
to move reciprocably within the cylinder 16. An annular 
seal 22 carried by a groove in the piston head 20 pro- 
vides a hydraulic seal between the piston head 20 the con- 
fronting wall of the cylinder 16. Another annular annular 
seal 24 in a groove in a bore 26 in a front wall 28 of the 
cylinder 16 provides a seal for piston rod 30 which is 



view. 



Looking now to Figure 1 the fastener tester 



The load cell assembly 10 includes a cylinder 16 
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connected witFthe piston head 20. Piston rod 30 extends 
outwardly from the cylinder 16 through the bore 26. 

A load cell 32 is located adjacent to and is 
engageable with the front cylinder wall 28 and has a 
5 central bore 34 through which piston rod 30 extends in 

a clearance relationship. A fixture assembly 36 includes 
an outer tubular housing 38 threadably secured to an 
annular boss portion 40 on load cell 32; assembly 36 also 
includes an inner sleeve 42 threadably secured to the 

10 outer end of piston rod 30 for sliding, reciprocation with- 
in housing 38. The outer housing 38 and inner sleeve 
42 have longitudinally extending through slots 44 and 46, 
respectively. Slots 44 and 46 are located in radial 
alignment for a purpose to be described. While a generally 

15 cylindrical 'housing' type structure is shown for outer 
housings 38 and inner sleeve 42, it should be apparent 
that other suitable constructions could be used. 

The forward end of outer housing 38 terminates 
in an end plate portion 49 which has a stepped bore 48 

20 with a hardened, tubular insert 50 matably supported 
therein. In similar fashion, the forward end of inner 
sleeve 42 terminates in an end plate portion 51 which 
has a stepped bore 52 with a hardened, tubular insert 54 
matably supported therein. Openings 57 and 59 in inserts 

25 50 and 54, respectively, are of the same diameter and 
are located in axial alignment. 

The cylinder 16 has an inlet port 56 located 
at the forward rod end or pull side of cylinder 16 and 
a return port 5a located at the rearward piston head end 

30 or return side of the cylinder 16. Thus when hydraulic 
pressure is applied to the pull side of the cylinder 16 
via port 56, the piston 18 and hence inner sleeve 42 will 
be moved rearwardly relative to the outer housing 38. 
On the other hand, upon the application of fluid pressure 

35 to the return side of cylinder 16 via port 58, the piston 
18 and hence inner sleeve 42 will be moved forwardly 



£ . 5 - ^P 1 63002 

relative to the outer housing 38. 

Openings 57 and 59 are selected to be of a size 
to receive the shank of a pin member 60 of a two piece 
fastener 62. In the example shown in the drawing the two 
piece fastener 62 can be a lockbolt generally of the type 
shown in U.S. Patent Number Re. 30,445/ reissued to Ruhl 
on December 16 , 1980. Thus fastener 62 is a pull type 
lockbolt (as exemplified by Figures 1, 7 and 8 of the 
noted Ruhl patent) and includes a collar 64 adapted to 
be swaged into lock grooves in pin 60. It will be apparent 
that the fastener tester 10 is also applicable to other 
pull type fasteners, i.e. blind fasteners, squeeze type 
installation fasteners, i.e. stump lockbolts and rivets 
and torque type installation fasteners i.e. threaded 
fasteners. In this regard, it should be noted that the 
access slots 44 and 46 also permit use of certain type 
of squeeze type installation tools for installing stumps. 

In operation, fastener 62 is assembled to the 
sleeve 42 and outer housing 38 by inserting the pin 60 
through openings 57 and 59. Access is provided via the 
aligned slots 44 and 46. The collar 64 is next located 
in a lock groove portion of pin 60 which extends out- 
wardly from the bore 57 of outer housing insert 50. In 
this condition the end plate portion 51 of movable sleeve 
42 is spaced from the confronting surface of end plate 
portion 49 of the stationary outer housing 38. The width 
of the resultant gap 70 can be selected to a desired 
dimension simply by threading the outer housing 38 more 
or less onto the threaded boss 40 on the load cell 32. 
The combined thickness of the sleeve insert 50, the gap 
70, and the outer housing insert 54 is selected to repre- 
sent a desired combined thickness of workpieces to be 
secured together by the fastener to be tested. Note 
then that this combined thickness (grip) can be easily 
varied and a series of tests conducted on a plurality of 
like fasteners for the entire range of thicknesses from 
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a selected minimum to a selected maximum (grip range) . 

The fastener 62 is set by a pull tool (not 
shown) which can be generally of the type shown in the 
U.S. Patents No. 3,329 , 000 issued to Schwab et al on % 
July 4, 1967 and No. 3,363,211 issued to Chirco on 
January 9, 1968 • Thus the tool has jaws which grip a 
pull groove portion 72 of the pin 60 and a swaging anvil 
which engages the collar 64. 

The tool applies a relative axial force between 
the pin 60 and collar 64 which urges the sleeve end plate 
portion 51 towards the housing end plate portion 49. 
However,. the inner sleeve 42 and outer housing 38 are 
precluded from closing the gap 70 in the condition shown 
in Figure 1 i.e. piston 18 bottomed out and cylinder front 
wall 28 engaging load cell 32. The load cell 32 is in effect clanped 
between the housing of cylinder 16 and the cuter housing 
38 and hence will receive the reactive forces responding 
to the axial loads applied between the housing 38 and 
sleeve 42. Thus, in this condition, the load cell 32 
vill provide an output signal having a magnitude which 
varies in accordance with variations in the relative axial 
force applied between the pin 60 and collar 64 and trans- 
mitted between plate portions 49 and 51. The load cell 
32 will transmit the output signal via line 74 to the 
signal display system 14 which will provide a reading of 
the magnitude of the installation load. 

As the installation load increases in magnitude 
the collar 64 will be swaged into the lock grooves. 
Finally upon completion of swaging and upon a further 
increase in axial load the pull groove portion 72 will 
be fractured, completing the installation of the fastener 62. 

The complete installation load cycle will be 
displayed via the signal display system 14. In one form, 
the display system 14 includes a signal conditioner 76, 
a peak hold circuit 78, a digital display 80 and a record 
device 82 all of which are components well known in the 
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art, A Signal Co!f&itioning Digital Indicator reak Reading 
device, Model 3270P manufactured by Datonic Corporation 
has been found to be satisfactory. 

The signal conditioner 76 operates on the signal 
from the load cell 32 via line 74 to provide a signal in 
suitable form for the peak hold circuit 78, digital dis- 
play 70 and record system 82. The digital display 80 
provides an output indication of the instantaneous instal- 
lation loads applied to the fastener 62. The peak hold 
circuit 78 records the peak load encountered during 
installation and displays it on the digital display 70. 
When the peak hold circuit 78 is released with a momentary 
switch, the digital display 70 will then show the real- 
time clamp or pre-load. The record device 82 can provide 
a complete display of the entire installation load cycle. This 
will include the noted peak load as well as the final 
clamp or pre-load retained in the fastened joint. As 
noted this is only a part of the significant test and 
evaluation information that can be secured by use of the 
tester on a single fastener. 

It is also desirable to determine the behavior 
of the fastener 62 to tensile loads tending to axially 
pull the fastened workpieces apart. With the apparatus 
of Figure 1, this would be simulated by urging the inner 
sleeve 42 rearwardly relative to the housing 38 i.e. to 
increase gap 70. This is accomplished by actuating the 
power supply 12 to apply fluid pressure to the pull side 
of the piston 18 via inlet port 56 to cylinder 16. 

Now the load cell 32 provides a signal indicative 
of the magnitude of tensile force urging the collar 64 
and pin 60 in a direction simulating the condition in 
which fastened workpieces are being pulled apart. Again 
the magnitude of this load can be observed and recorded 
via the display system 14. The tensile test continues 
until the fastener 62 ultimately fails. For a shear type 
fastener, i.e. designed mainly to resist shear loads 
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imposed on fastened joint, failure usually occurs by 
stripping the swaged collar 64 from the pin 60? for 
tension type fasteners, i.e. designed mainly to resist 
tensile loads imposed on the fastened joint, failure 
5 usually occurs via a tensile failure of the pin 60. The 
maximum tensile failure load would be recorded on the 
peak hold circuit 78 and displayed on the digital display 
70, Thfe gap between sleeve 42 and the treaded boss portion 
40, with the piston 18 bottomed out against wall 28 of 

10 cylinder 16, is always greater than the maximum stroke 
of piston 18 in cylinder 16 so that sleeve 42 cannot 
bottom out against boss portion 40 and give a false tensile 
peak reading. 

After the fastener 62 has been fractured it is 

15 a simple matter to clear the fixture assembly 36, apply 

another fastener and repeat the test. Note that fasteners 
having pins of different diameters can easily be accommo- 
dated simpiy by removing the hardened inserts 50 and 54 
and replacing them with inserts having openings correspond- 

20 ing to 57 and 59 but of a different size. 

The hydraulic power supply 12 includes a fluid 
pump 84 driven by an electric motor 86 energized by an 
a-c source 94. Pump 84 has a high pressure outlet 88 
and low pressure return or tank 90. The outlet 88 and 

25 tank 90 are connected to the inlet port 56 and return port 
58 via a hydraulic directional valve 92 and fluid lines 
93 and 95. Valve 92, which is solenoid actuated, is 
normally urged to the condition shown in which pump out- 
let 88 is connected to the cylinder return port 58 via 

30 line 95 and the tank 90 is connected to the cylinder inlet 
port 56 via line 93. In this condition the piston 18 is 
in its forward position (as shown in Figure 1) in which 
a fastener 62 can be inserted and set as described; as 
noted, it is in this condition of tester 10 that the loads 

35 incurred in the installation cycle and the clamp or pre- 
load will be measured, displaced and recorded. 
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In order to determine the characteristics of 
the fastener 62 in response to tensile loading of a 
fastened joint, the solenoid actuated valve 92 is placed 
in its alternate condition. This is done by closing a 
ground switch SWl completing a circuit from the a-c source 
94 to the solenoid portion of valve 92. In this alternate 
condition the pressure outlet 88 is connected to the pull 
side of cylinder 16 via line 93 and inlet 56; at the 
same time the tank 90 is connected to the return side of 
cylinder 16 via line 95 and outlet port 58. A restriction 
valve 96 is located in line 93 and is selectively actuable 
to restrict the flow of fluid from the pressure outlet 
88 of pump 84. In this way the rate of application of 
load on the fastener 62 in the tension test can be con- 
trolled and selectively varied. 

A pressure sensitive switch PSl is located in 
the ground circuit for drive motor 86. Switch PSl^is 
hydraulically connected to the return line 95 via line 
97 such that when the valve 92 is in the return condition 
as shown in Figure 1, i.e. return line 95 connected to 
the pressure outlet 88 of pump 84, the motor 86 will be 
de-energized upon attainment of a selected magnitude of 
pressure in line 95. This magnitude of pressure will 
occur when the piston 18 has bottomed out on its return 
stroke and hence the pressure switch PSl precludes the 
attainment of further increases in fluid pressure which 
could cause damage in the fluid circuit. 

Thus with the system and apparatus of Figure 1, 
the same fastener can be tested within a single test 
apparatus for installation loads, clamp load (preload) 
and tensile loading. 

In a modified form of the hydraulic power supply 
12 the restriction valve 96 is replaced with a bypass 
valve located between the lines 93 and 95. The system 
of Figure 2, except for the changes shown is the same 
as that of Figure 1 and hence has only been partially 
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shown. In Frg?re 2, those components simiSE to like 
components in Figure 1 have been given the same number 
designation with the addition of the letter postscript 
"a". Thus in Figure 2 the power supply 12a includes a 
bypass valve 96a located between lines 93a and 95a from 
directional valve 92a. The remainder of the power supply 
12a and associated components are the same as power 
supply 12 of Figure 1. In the system of Figure 2, the 
rate of pressure build up during the pull or tension 
cycle, i.e. high pressure to line 93a , can be selectively 
varied by regulating the amount of fluid bypassed from 
line 93a to line 95a via bypass, restriction valve 96a. 
In addition the circuit permits the fastener, such as 
62, to be maintained under a selected tensile load for 
predetermined periods . 

A further modified system is shown in Figure 3, 
where components similar to like components in Figure 1 
are given the same numerical designation with the addition 
of the letter postscript "b* . 

Looking now to Figure 3 the fastener tester 
includes a pneumatically, hydraulically actuated load cell 
assembly 10b, a pneumatic-hydraulic power supply 12b and 
a signal display system 14b. 

The load cell assembly 10b includes a cylinder 
16b and a hydraulic piston and rod assembly 18b having a 
piston head 20b adapted to move reciprocably within the 
cylinder 16b. An annular seal 22b carried by a groove in 
the piston head 20b provides a hydraulic seal between the 
piston head 20b and the confronting wall of the cylinder 
16b. Another annular seal 24b in a groove in a bore 26b 
through a front wall 28b of the cylinder 16b provides a 
seal for a reduced diameter portion 25 of piston head 20b. 
A piston rod 30b is threadably connected with the piston 
head 20b intermediate its ends via a threaded rod portion 
31 which is connected to a threaded central bore 29 extend- 
ing coaxially through the piston head 20b. Piston rod 30b 
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has a forward portion 33 extending forwardly from the 
threaded rod portion 31 and a rearward portion 35 extend- 
ing rearwardly from the piston head 20b and the cylinder 
16b. Another annular seal 37 located in an annular groove 
in a rearward portion of the wall of cylinder 16b provides 
a fluid seal with a reduced diameter , rearwardly extending 
portion 39 of the piston head 20b. 

A load cell 32b is located adjacent and is 
engageable with the front cylinder wall 28b and has a 
central bore 34b through which piston rod 30b extends. 
A fixture assembly 36b includes an outer tubular housing 
38b adapted to engaged an annular boss portion 40b on load 
cell 32b and an inner sleeve 42b connected to the end of 
piston rod 30b for sliding, reciprocation within housing 
38b. The piston rod 30b and sleeve 42b are connected via 
an enlarged diameter portion 41 at the end of rod 30b 
and a snap ring 43 located in a groove rearwardly of the 
portion 41. With this connection, the piston rod 30b can 
be rotated relative to the sleeve 42b. The outer housing 
38b and sleeve 42b have longitudinally extending radially 
aligned through slots 44b and 46b, respectively. 

The forward end of outer housing 38b terminates 
in a plate 49b having a counterbore with a hardened, tubular 
insert 50b matably supported therein. In similar fashion, 
the forward end of inner sleeve 42b terminates in a plate 
portion 51b has a stepped bore with a hardened, tubular 
insert 54b matably supported therein. Openings 57b and 
59b in inserts 50b and 54b are of the same diameter and 
are located in axial alignment. 

The cylinder 16b has an inlet port 56b located 
at the forward or pull end of the cavity of cylinder 16b 
and a return port 58b located at the rearward or return 
end of the cavity of cylinder 16b. Thus when hydraulic 
pressure is applied to the pull end of the cylinder 16b 
via port 56b, the piston 18b and hence inner sleeve 42b 
will be moved rearwardly relative to the outer housing 38b. 



r nand. 
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On the other T5find, upon the application of pneumatic 
pressure to the return end of cylinder 16b via port 58b f 
the piston 18b and hence inner sleeve 42b will be moved 
forwardly relative to the outer housing 38b. 
5 The openings 57b and 59b in inserts 50b and 54b 

are selected to be of a size to receive the shank of a 
pin member 60b of a two piece fastener 62b. In the 
example shown in the drawing the two piece fastener 62b 
can be a threaded fastener and includes a nut 64b adapted 
10 to be threadably secured to the threaded end of pin £0b. 
The nut 64b can be of the torque limiting type shown in 
the Wing patent (supra) . Of course, other types of 
threaded pin and nut constructions could be tested. 

In operation, fastener 62b is assembled to the 
15 sleeve 42b and outer housing 38b by inserting the pin 60b 
through the openings in inserts 50b and 54b. Access is 
provided via the aligned slots 44b and 46b* The nut 64b 
is next threaded to pin 60b. In this condition the sleeve 
plate portion 51b is spaced from the confronting housing 
20 plate 49b. The width of the resultant gap 70b can be 

selected to a desired dimension simply by threading the 
piston rod 30b to move f orwardly or rearwardly relative 
to piston head 20b (via the threaded connection of 29 
and 31) . This results in varying the position of the 
25 inner sleeve 42b relative to the outer housing 38b whereby 
gap 70b can be varied. In this way, a desired combined 
thickness of worJcpieces to be secured together by the 
fastener to be tested can be simulated. Note then that 
this simulated combined thickness (grip) can be easily 
30 varied and a series of tests conducted on a plurality of 
like fasteners for the entire range of thicknesses from 
a selected minimum to a selected maximum (grip range) . 

The fastener 62b can be installed to the fixture 
assembly 36b via a conventional torguing tool (not shown) 
35 adapted to apply a preselected magnitude of torque to 

the nut 64b. As the tool applies torque to the nut 64b, 
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a relative axial^Jrce between the pin 60b and^ft 64b 

results which urges the sleeve plate portion 51b towards 
the housing plate 49b. However, the inner sleeve 42b 
and outer housing 38b are precluded from closing the gap 
70b in the condition shown in Figure 3, i.e. piston 18b 
bottomed out and cylinder front wall 28b engaging load 
cell 32b. In this condition, the load cell 32b will 
provide an output signal having a magnitude which varies 
in accordance with variations in the relative axial force 
(and hence torque) applied between the pin 60b and nut 
64b. The load cell 32b will transmit the output signal 
via line 74b to the signal display system 14b which will 
provide a reading of the magnitude of the peak installation 
load and the clamp or pre-load in the same manner as signal 
display system 14 of Figure 1. 

It is also desirable to determine the behavior 
of the fastener 62b to tensile loads tending to pull the 
fastened workpieces apart. With the apparatus of Figure 
3, this is simulated by urging the inner sleeve 42b rear- 
wardly relative to the housing 38b. This is accomplished 
by actuating the power supply 12b to apply fluid pressure 
to the pull side of the piston 18b via inlet port 56b 

to cylinder 16b. 

The load cell 32b now provides a signal indicative 
of the magnitude of tensile force urging the nut 64b and 
pin 60b in a direction simulating the condition in which 
the fastened workpieces are being pulled apart. Again 
the magnitude of this load can be observed and recorded 
via the display system 14b. The tensile test continues 
until the fastener 62b ultimately fails. 

After the fastener 62b has been fractured it is 
a simple matter to clear the fixture assembly 36b, apply 
another fastener and repeat the test. Note that fasteners 
having pins of different diameters can easily be accommo- 
dated simply by removing the hardened inserts 50b and 
54b and replacing them with inserts having the appropriate 
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sized openings. 

The power supply 12b is adapted to operate from 
a pneumatic pressure source 100 and includes a pneumati- 
cally actuated hydraulic booster 84b. The booster 84b 
has a pneumatic piston-cylinder assembly 102 operatively 
connected with a hydraulic piston-cylinder assembly 104. 
In the latter structure, a pneumatic piston 106 in a 
cylinder 107 is connected to a hydraulic piston 108 in 
a cylinder 109 via a piston rod 110. 

Hydraulic inlet port 56b is connected to the 
head end of the hydraulic cylinder 109 via line 93b, 
Pneumatic port 58b is connected to the rod end of the 
pneumatic cylinder 107 via line 95b, An air directional 
valve 92b controls the operation of the booster 84b and 
hence of the load cell assembly 10b. In the condition 
of directional valve 92b shown in Figure 3, air pressure 
from pneumatic supply 100 is directed to the rod end of 
the pneumatic cylinder 107 and to the return side of 
cylinder 16b. At this time, the hydraulic fluid in the 
pull end of the cylinder 16b has been returned to .the 
hydraulic cylinder 109 and the pressure is essentially 
at a low magnitude. 

A hydraulic reservoir 112 has a pneumatic side 
connected to the directional valve 92b via line 114. A 
hydraulic side of reservoir 112 is connected to the inlet 
line 93b via line 116 through a normally opened valve 118. 
Valve 118 is solenoid actuated to its closed position 
when an associated electrical switch SW3 is closed com- 
pleting an electrical circuit from an a-c source 120 to 
ground. As shown in Figure 3, the system is in the return 
mode and SW3 is closed, closing the valve 118; at the 
same time the pneumatic line 114 is communicated to 
atmosphere (atms) via directional valve 92b. In this 
condition, fastener assembly 62b is assembled to the 
load cell assembly 10b as noted and the installation loads 
and clamp or pre-loads can be displayed and recorded. 
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With either the^age type fastener in the eminent of 

Figure 1 or the threaded type fastener in Figure 3 the 
final load reading after releasing the peak load hold 
device after installation will be indicative of the retained 
5 clamping force (or preload) of the fastener (62, 62b) on 

the fastened joint. 

In order to determine the ultimate strength 
of the fastener 62b to loading in tension, the system is 
placed in the pull or tensile test mode. This occurs when 
10 air directional valve 92b is actuated to its alternate 

condition. The latter is achieved by closing an electrical 
switch SW2 which completes a circuit from a-c source 120 
to the solenoid of valve 92b to ground. With valve 92b 
shifted, the pneumatic source 100 is connected to the 
15 head end of the pneumatic cylinder 107 of booster 84b 
thereby urging the pneumatic piston 106 and hence the 
hydraulic piston 108 to pressurize hydraulic fluid at the 
pull or inlet port 56b to urge the piston 20b rearwardly 
to apply a tensile load between the nut 64b and pin 
20 (or bolt) 60b. At this time the return side of cylinder 
16b is connected to atmosphere via outlet 58b, line 95b 
and valve 92b. Similarly the rod or return side of the 
pneumatic cylinder 107 of booster 84b is connected to 
atmosphere via line 95b and valve 92b. The application 
25 of pressure and hence axial load of increasing magnitude 
continues until failure of the fastener 62b. The load 
on the pull cycle is indicated and recorded via the display 
system 14b. The rate of tensile load application to the 
fastener 62b can be selectively varied by varying the rate 
30 of pneumatic pressure build up via restriction valve 96b. 
Valve 96b is located in a line connecting line 114 to the 
head side of the pneumatic cylinder 107. 

The volume of fluid available from cylinder 109 
of hydraulic assembly 104 to cylinder 16b, while sufficient 
35 for tensile test purposes, is relatively small. In order 
to provide the necessary volume of hydraulic fluid to move 
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the piston 20b rearwardly adequately to fully strip the 
nut 64b from the pin 60b, pressurized hydraulic fluid 
from the reservoir 112 is utilized. This is accomplished 
by opening switch SW3 to deenergize the solenoid for valve 
118 whereby it will move to its normally opened condition. 
Since the pneumatic side of the reservoir 112 is pressurized 
from the air source 100 via line 114 and directional 
valve 92b, hydraulic fluid from the reservoir 112 will 
flow to cylinder 16b to effect the necessary movement of 
piston 20b to complete separation of nut 64b from pin 60b 
to facilitate removal of the expended fastener and insertion 
of a different fastener for the next test. Note that 
the reservoir 112 in this manner also assures that the 
hydraulic cylinder 109 will be fully charged with hydraulic 
fluid. 

In order to place the system in the return mode 
the switch SIR is opened shifting the air directional 
valve 92b to its return condition. In this condition 
pressurized air is applied to the return side of cylinder 
16b and to the return side of the pneumatic cylinder 107 
of assembly 102. The head side of the latter cylinder 
is connected to atmosphere via restrictor valve 96b, 
line 114 and directional valve 92b. However, in order 
to more readily evacuate the air from the cylinder 107 
a normally opened valve 122 connects the cylinder 107 
directly and without significant restriction to atmosphere 
when switch SW2 is opened during return. Valve 122 is 
solenoid actuated to its closed condition via a-c source 
120 when switch SW2 is closed. Note that in the return 
aode, the pneumatic side of reservoir 112 is now connected 
to atmosphere via directional valve 92b. Thus the 
hydraulic fluid from the pull side of the cylinder 16b is 
returned to hydraulic cylinder 109 of assembly 104 and 
to the reservoir 112. When the piston 20b has fully 
returned, the switch SW3 is closed actuating the reservoir 
valve 118 to its closed condition. 
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It has been found desirable that load cells 32 
and 32b are of a shear type. One such cell found to be 
satisfactory is a Model 1220 manufactured and sold by 
Interface , Inc. 

Thus the systems and apparatus of the present 
invention provide means for testing a fastener and deter- 
mining the characteristic of its installation loads , its 
clamp load or preload and the characteristics of the same 
fastener in tensile loading. As previously indicated 
the systems and apparatus can be used to test different 
types to fasteners and is not restricted to the specific 
types which have been shown by way of example. At the 
same time various types of installation tools can be 
utilized in the conduct of the fastener tests i.e. pull 
type tools, squeeze type, torque type, etc. In this 
latter regard, it should be noted that the subject system 
and apparatus also provides an indication of certain 
characteristics of installation tools i.e. the nature of 
the installation load curve etc. 

While it will be apparent that the preferred 
embodiment of the invention disclosed are well calculated 
to fulfill the objects above stated, it will be appreciated 
that the invention is susceptible to modification, 
variation and change without departing from the proper 
scope or fair meaning of the invention. 
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1. A fastener -tester for testing fasteners for securing 

a plurality of workpieces together with such fasteners including 
a pin member having an elongated shank, said fastener tester 
characterized by: 

a first member (38;38b), 

a second member (42} 42b), 

said first and second members (38,42;38b, 42b) 
having first and second plate portions (49, 51; 4 9b; 51b) 
respectively, located at one end and adjacent to each other, 

said first and second plate portions (49, 51; 49b, 51b) 
having first and second fastener openings (57,59;57b, 59b) , 
respectively, axially aligned with each other along a pre- 
selected axis and adapted to receive the pin member (60; 60b), 

a load cell (32; 32b) operatively connected to said 
first member (38;38b) , 

said first and second members being (38,42;38b,42b) 
adapted for relative movement along said axis, 

load means (18; 18b) operatively connected to said 
second member (42; 42b) and being selectively actuable for 
providing said relative movement whereby said adjacent 
plate portions (49,51; 49b, 51b) can be moved axially towards 
or away from each other, 

said load means (18; 18b; being connected to said 
load cell (32; 32b), 

adjustment means (12; 12a; 12b) for selectively adjust- 
ing the distance between said first and second plate portions 
(49, 51; 49b, 51b) to simulate a desired grip increment for the 
fastener (62; 62b) to be tested, 

said first and second members (38,42; 38b,42b) being 
sufficiently open to permit access for locating the fastener 
pin member (60; 60b) in said aligned fastener openings (57,59; 
57b, 59b) whereby the fastener (67; 62b) can be installed to 
urge said first and second plate portions (4 9, 51; 4 9b, 51b) 
together, 

load transfer means (16,18; 16b, 18b) for transferring 
the relative force between said first and second plate portions 
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(49,51;49b,51b) to sH load cell (32;32b) wherebyWid load 
cell (32; 32b) will provide a signal having a magnitude vary- 
ing in accordance with variations in the magnitude of the 
installation load on the fastener (62; 62b) urging said first 
and second plate portions (49,51;49b,51b) together, 

said load means (18;18b) being actuable to move said 
first and second plate portions (49, 51; 4 9b, 51b) away from 
each other whereby the installed fastener (62; 62b) can be 
subject to tensile loading varying in magnitude, 

said load transfer means (16, 18; 16b, 18b) transferring 
the relative force between said first and second plate portions 
(49,51;49b,51b) to said load cell (32;32b) whereby said load 
cell (32; 32b) will provide a signal having a magnitude vary- 
ing in accordance with variations in the magnitude of the 
tensile load applied to the fastener as said first and second 
plate portions (49,51;49b,51b) are urged to move away from 
each other. 

2. a fastener tester according to claim 1, characterized 
by the fact that said load means (18; 18b) includes a piston 
(18; 18b) and cylinder (16; 16b) with said piston (18; 18b) 
including a piston rod (30; 30b) located along said axis and 
extending through said central opening of said load cell 
(32;32b) and connected to said second member (42;42b) and 
with said cylinder (16; 16b) operatively connected to the 
opposite side of said load cell (32; 32b). 

3. a fastener according to claim 1 or 2, characterized 
by the fact that said adjustment means includes a threaded 
connection (38,32;29,35) , with said threaded connection 
being selectively actuable for adjusting the closest distance 
between said first and second plate portions (49,51;49b,51b) 
to simulate said desired grip increment. 

4. a fastener tester according to any one of claims 
1-3, characterized by the fact that said load means (18; 18b) 
includes control means (96; 96a; 96b) selectively operable for 
varying the rate of application of load urging said adjacent 
plate portions away from each other. 

5. a fastener tester according to claim 4, characterized 
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by the fact that said control means (96; 96a; 96b) is selective- 
ly operable for holding to a preselected magnitude the load 
urging said adjacent plate portions (49 ,51; 49b, 51b) away 
from each other • 

6* A fastener tester according to claims 1 or 2, 

characterised by the fact that said load means includes a 
fluid-actuated piston (18) and cylinder (16) , said piston 
(18; 18b) including a piston rod (30; 30b) connected to one of 
said first and second members (38,42; 38b ,42b) to effectuate 
said relative movement between adjacent plate portions 
(49 f 51; 49b, 51b), said cylinder (16; 16b) having a pull side 
and a return side with said piston (18; 18b) being urged to 
move said plate portions (49, 51; 4 9b, 51b) apart when fluid 
pressure is applied to said pull side and to move said plate 
portions (49,51;49b,51b) towards each other when fluid pressure 
is applied to said return side, and further comprising fluid 
power supply means (84) for providing fluid pressure selectively 
to said pull side (56; 56b) and said return side (58; 58b) of 
said cylinder (16; 16b) , pressure control means (92; 92b) connected 
between said cylinder and said fluid power supply means (84; 84b) 
for selectively controlling the magnitude of fluid pressure to 
said cylinder (16;16b). 

7. A fastener tester according to claim 6, characterized 

by the fact that said pressure control means is serially located 
in a fluid conduit from said fluid power supply means (84) to 
said pull aide of said cylinder (16;16b) . 

8* A fastener tester according to claim 7, characterized 

by the fact that said pressure control means (92a) is located 
in a fluid conduit in a shunt relationship between said pull 
side (56) and said return side (58) of said cylinder (16). 
9. A fastener tester according to any one of the pre- 

ceding claims, characterized by: 

display means (14; 14b) connected to said load cell 
(32; 32b) and being selectively operable for providing visual 
indications of load in response to signals from said load 
cell (32;32b). 
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10. A fastener^ester according to claim 9, characterized 

by the fact that said display means (14; 14b) selectively pro- 
vides an indication of the peak load between said first and 
second plate portions (49,51;49b,51b) via the fastener (64;64b). 



